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Executive Summary

Earthquakes are a serious threat to office safety and
pose a significant potential liability to office building
owners. Office buildings in 39 states are vulnerable to
earthquake damage. Unsafe existing buildings expose
office building owners and tenants to the following risks:

» Death and injury of tenants, occupants, and visitors

» Damage to or collapse of buildings

» Damage to and loss of furnishings, equipment, and

other building contents

» Disruption of office functions and building operations

The greatest earthquake risk is associated with existing office buildings that
were designed and constructed before the use of modern building codes. For
many parts of the United States, this includes buildings built as recently as
the early 1990s.

Although vulnerable office buildings need to be replaced with safe, new con-
struction or rehabilitated to correct deficiencies, for many building owners
new construction is limited, at times severely, by budgetary constraints, and
seismic rehabilitation is expensive and disruptive. However, incremental
seismic rehabilitation, an innovative approach that phases in a series of
discrete rehabilitation actions over a period of several years, is an effective,
affordable, and non-disruptive strategy for responsible mitigation action. It
can be integrated efficiently into ongoing facility maintenance and capital
improvement operations to minimize cost and disruption. The strategy of
incremental seismic rehabilitation makes it possible to get started now on
improving earthquake safety in your office building inventory.

This manual provides owners of office buildings, be they Real Estate Invest-
mentTrusts (REITs), pension funds, partnerships, individuals, or other forms
of ownership, with the information necessary to assess the seismic vulner-
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ability of their buildings and to implement a program of incremental seismic
rehabilitation for those buildings. The manual consists of three parts:

Part A, Critical Decisions for Earthquake Safety in Office Buildings,
is for owner senior executives, board members, and policy makers who will
decide on allocating resources for earthquake mitigation.

Part B, Planning and Managing the Process for Earthquake Risk Re-
duction in Existing Office Buildings, is for facility managers, risk manag-
ers, and financial managers, or those responsible for these areas of
management, who will initiate and manage seismic mitigation measures.

Part C, Tools for Implementing Incremental Seismic Rehabilitation in
Existing Office Buildings, is for facility managers, or those otherwise re-
sponsible for facility management, who will implement incremental seismic
rehabilitation programs.

To get the most out of this manual:

m Communicate the importance of assessing your building inventory’s
risks and pass this manual on to staff members responsible for
facility management, risk management, and financial planning.
Specify that they develop an analysis of the current seismic risk of
your buildings and a strategy for risk reduction.

m Promptly initiate a program of earthquake risk reduction in your
buildings located in an earthquake-prone zone that were not
designed and constructed to meet modern building codes.

m Consider incremental seismic rehabilitation as a cost-effective
means to protect the buildings and, most importantly, the safety of
tenants, visitors, and staff, because it is a technically and financially
manageable strategy that minimizes disruption of office building
operations.

Incremental Seismic Rehabilitation of Office Buildings



The concept of seismically rehabilitating buildings in discrete segments, as
resources become available or as part of a structural renovation program,
was pioneered by the Federal Emergency Management Agency (FEMA) and a
Virginia Polytechnic Institute/Building Technology Inc. team that, in the early
1990s, published Existing School Buildings — Incremental Seismic Retrofit
Opportunities, FEMA 318. Lack of resources at the time, however, restricted
application of this promising concept to a few states in the Pacific Northwest
and to a single occupancy or use category: schools. FEMA is now pleased to
make available a manual on office buildings. Further, the team is also prepar-
ing a series of manuals that will address seven additional building uses:
schools (an updated version), hospitals, retail establishments, multi-family
dwellings, emergency management facilities, warehousing/distribution cen-
ters, and hotels/motels. A separate manual will serve the needs of design
professionals and building officials and will be applicable across all occu-
pancy categories.

FEMA gratefully acknowledges the dedicated efforts of all members of the
team: the Virginia Polytechnic Institute and State University (the prime con-
tractor); the Project Advisory Panel; Project Consultants; Building Technology
Inc.; EQE Inc.; Melvyn Green & Associates Inc.; the Institute for Crisis Disaster
and Risk Management of the George Washington University; and URS Group,
Inc. The FEMA Project Officer adds his sincerest appreciation for the excellent
support of this multi-disciplinary team.

The Federal Emergency Management Agency




This manual is intended to assist office building owners’ personnel respon-
sible for funding and operating existing office buildings across the United
States. This publication and its companion documents are the products of a
Federal Emergency Management Agency (FEMA) project to develop the con-
cept of incremental seismic rehabilitation—that is, building modifications
that reduce seismic risk by improving seismic performance and that are
implemented over an extended period, often in conjunction with other repair,
maintenance, or capital improvement activities.

The manual was developed after the project team analyzed the management
practices of office building owners of varying sizes located in various seismic
zones in different parts of the United States. It focuses on the identified con-
cerns and decision making practices of owners and managers of Class A, B,
or C buildings, be they REITs, pension funds, partnerships, individuals, or
other types of owners.

This manual is part of a set of manuals intended for building owners, manag-
ers, and their staff:

Incremental Seismic Rehabilitation of School Buildings (K-12),
FEMA 395

Incremental Seismic Rehabilitation of Hospital Buildings,
FEMA 396

Incremental Seismic Rehabilitation of Office Buildings,
FEMA 397

Incremental Seismic Rehabilitation of Multifamily Apartment
Buildings, FEMA 398

Incremental Seismic Rehabilitation of Retail Buildings,
FEMA 399

Incremental Seismic Rehabilitation of Hotel and Motel Buildings,
FEMA 400

Incremental Seismic Rehabilitation of Storage Buildings,
FEMA 401

Incremental Seismic Rehabilitation of Emergency Buildings,
FEMA 402




Each manual in this set addresses the specific needs and practices of a par-
ticular category of buildings and owners, and guides building owners and
managers through a process that will reduce earthquake risk in their building
inventory.The manuals answer the question, as specifically as possible:
“What is the most affordable, least disruptive, and most effective way to re-
duce seismic risk in existing buildings?” By using the process outlined in
these manuals, building owners and managers will become knowledgeable
clients for implementing incremental seismic rehabilitation specifically
geared to their building use category.

In addition to this set of manuals, there is a companion manual, Engineering
Guideline for Incremental Seismic Rehabilitation, FEMA 420. It is intended to
assist architects and engineers who provide services to building owners and
contains the information necessary for providing consulting services to own-
ers for implementing incremental seismic rehabilitation. Architects and engi-
neers using that handbook will be effective consultants serving a
knowledgeable owner. Together they will be in a position to implement an
effective incremental seismic rehabilitation program.




Owners of office buildings face a wide array of
risks. These risks range from fire to terrorist attack.
Risk management for office buildings typically is
driven by experience; we recognize the need for
fire safety and terrorism insurance, but the risk of
catastrophic loss due to a damaging earthquake is
more difficult to understand or to anticipate. Earth-
quakes are low-probability high-consequence
events. Though they may occur only once in the
life of a building, they can have devastating, irre-
versible consequences.

Moderate earthquakes occur more frequently than
major earthquakes. Nonetheless, moderate earth-
quakes can cause serious damage to building con-
tents and nonstructural building systems, serious
injury to occupants and staff, and disruption of
building operations. Major earthquakes can cause
catastrophic damage including structural collapse
and massive loss of life. Those responsible for
office building safety must understand and man-
age these risks, particularly risks that threaten the
lives of tenants, occupants, visitors, and staff.

Earthquake risk is the product of hazard exposure
and building vulnerability, as shown in the follow-
ing equation:

RISK = HAZARD x VULNERABILITY

To manage earthquake risk in existing office build-
ings, one must understand the earthquake hazard
and reduce building vulnerability.

This manual is designed to give decision makers
the framework and information for making in-
formed decisions about investing in earthquake




risk management measures. It is structured to follow the decision making
process of existing planning and management practices and will help you
evaluate financial, safety, and strategic planning priorities.

Owners of office buildings may vary greatly in size, wealth, and technical
capability. Some have comprehensive long-term facility management, main-
tenance, and development plans. Some have none. The successful implemen-
tation of improved earthquake safety should be part of a comprehensive
approach to building safety and multi-hazard mitigation.

Failure to address earthquake risk leaves the office building owner exposed
to potential losses, disruption, and liability for deaths and injuries. While pur-
chasing insurance may protect owners from financial losses and liability, it
still leaves them susceptible to disruption as well as deaths and injuries. Only
building rehabilitation can reduce losses, deaths, and injuries, as well as con-
trol liability and disruption. However, single-stage seismic rehabilitation can
be expensive and disruptive. Incremental seismic rehabilitation can reduce
that cost and disruption.

The incremental rehabilitation approach to seismic risk mitigation focuses on
improvements that will decrease the vulnerability of office buildings to earth-
quakes at the most appropriate and convenient times in the life cycle of those
buildings. The approach clarifies, as specifically as possible, what is the most
affordable, least disruptive, and most effective way to reduce seismic risk in
your buildings.

Prior to initiating a program of incremental seismic rehabilitation, an owner
must first address the following three questions:

Are your office buildings located in a seismic zone?
Are these buildings vulnerable to earthquakes?

What can you do to reduce earthquake risk in existing vulnerable
buildings?

This manual will help you find the right answers.




viii

How to Use This Manual

Critical Decisions: Office building owner senior executives, board mem-
bers, and similar policy makers should read Part A. Section A.1 provides a
general understanding of the earthquake hazards faced by an office building
owner. Section A.2 provides an overview of how the seismic vulnerability of
office buildings and resultant losses can be estimated. Section A.3 provides
an overview of the actions an owner can take to reduce earthquake risk, in-
cluding incremental seismic rehabilitation. Section A.4 details how to imple-
ment the concept of incremental seismic rehabilitation, including the
additional benefits of integrating incremental seismic rehabilitation with
other maintenance and capital improvement projects. By understanding
these four sections, the office building owner’s top management
can establish a policy of seismic risk reduction and initiate a more
specific, objective, and cost-effective program of incremental seis-
mic rehabilitation by its technical staff.

Program Development: Those responsible for the office building owner’s
facility, risk, and financial management should read Parts A and B, paying
particular attention to Part B. Sections B.1 through B.3 provide detailed guid-
ance on how the initiation of a program of incremental seismic reha-
bilitation can fit into the ongoing facility management process used
by the owner organization and its office buildings, and indicate specific ac-
tivities you can undertake. A separate Appendix |, Additional Information on
Office Building Facility Management, is provided at the end of this manual for
those seeking more information on facility management. It contains a discus-
sion of specific phases of the facility management process and activities for
office building owners seeking further detail.

Project Implementation: Owner organization and office building facility
managers should read Part C in addition to Parts A and B. Section C.1 pro-
vides guidance on using the consulting services of architects and engineers
in implementing a program of incremental seismic rehabilitation. Section C.2
discusses specific opportunities for combining increments of seismic
rehabilitation with other maintenance and capital improvement
projects. A separate Appendix Il, Integration Opportunities for Incremental
Seismic Rehabilitation for Small Organizations and Individual Owners, is
provided at the end of this manual for owners with limited professional facil-
ity management. It contains a simplified presentation of specific opportuni-
ties that can be identified on the basis of a quick evaluation by a design
professional. A companion manual for design professionals has been devel-
oped to provide technical guidance for the detailed design of specific reha-
bilitation projects.

Incremental Seismic Rehabilitation of Office Buildings



For Office Building
Owner Senior
Executives, Board
Members, & Similar
Policy Makers

Critical Decisions for
Part Earthquake Safety
in Office Buildings

A.1l Is There an Earthquake Hazard for Your Office
Buildings?

Earthquakes are one of the most serious natural haz-
ards to which office building owners may be exposed.
Although owners face a variety of risks to their invest-
ment and to tenant safety and operations that may
appear more immediate, the consequences of earth-
quakes can be catastrophic. Therefore, despite the fact
that earthquake occurrences are rare, earthquake
safety should be given full consideration in design and
investment for risk management and safety.

The first step to understanding earthquake risk:
RISK =HAZARD x VULNERABILITY
is to learn the likelihood and severity of an earthquake affecting your
buildings.
The Earthquake Hazard: Where, When, and How Big

The surface of the earth consists of solid masses, called tectonic plates, that
float on a liquid core.The areas where separate plates meet each other are
called faults. Most earthquakes result from the movement of tectonic plates,
and seismic hazard is strongly correlated to known faults. A map of zones of
seismic hazard for the United States, based on maps provided by the U.S.
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A-2

Seismic
Hazard
Map

Geological Survey (USGS), shows three zones from the lowest, green, to the
highest, red. The white areas have negligible seismic hazard.

The USGS earthquake hazard map is based on a complex assessment of ex-
pected seismic activity associated with recognized faults. The scientific under-
standing of earthquakes continues to improve and has resulted in increased
estimates of seismic hazard in various parts of the country over the last de-
cade.

Office building owners and managers responsible for the safety of tenants,
visitors, and staff need to know whether to be concerned about earthquakes.
Some guidelines for determining earthquake risk in your location are:

M i+ your office building is located in a red zone on the map
Earthquakes are one of the most significant risks facing your facilities.

m Take immediate action to undertake comprehensive vulnerability
assessment. Professional structural engineers should perform this
assessment.

m Identify and either replace or rehabilitate vulnerable existing
buildings as soon as possible.

If your office building is located in a yellow zone

The probability of severe earthquake occurrence is sufficiently high to
demand systematic investigation of your buildings.

m Assign responsibility for investigation to the risk managers and
facility managers within the organization. If they are not available,
seek professional engineering assistance from outside.

m ldentify vulnerable buildings and schedule them for replacement,
rehabilitation, or change of use.

Incremental Seismic Rehabilitation of Office Buildings



m Also consider mitigation of nonstructural hazards, such as securing
equipment and suspended lighting that could injure building
occupants in an earthquake.

o your office building is located in a green zone

m Consider low-cost mitigation strategies that protect building
occupants and the owner’s investment in facilities and systems,
even though the probability of an earthquake is low.

Beyond this broad seismic zone designation, expected earthquake ground
motion at a particular location is further influenced by local geology and soil
conditions. Geotechnical engineering studies should be done to understand
fully the earthquake hazard at a particular site in red and yellow zones.

A.2 Are Your Office Buildings Safe?
The second step to understanding earthquake risk:
RISK = HAZARD x VULNERABILITY

is to learn the expected damage and losses that could result from an
earthquake.

What Happens to Office Buildings in Earthquakes

Earthquake fault rupture causes ground motion over a wide area. This ground
motion acts as a powerful force on buildings. Buildings are principally de-
signed to resist the force of gravity, but resistance to earthquake forces re-
quires specialized earthquake engineering. Horizontal earthquake forces
cause rapid movement of the foundation and displacement of upper levels of
the structure. When inadequately designed to resist or accommodate these
earthquake forces, structures fail, leading to serious structural damage and,
in the worst case, total building collapse.

In addition to ground motion, buildings may suffer earthquake damage from
the following effects:

Earthquake-induced
landslides near the
building.

Fault rupture under or
near the building, often
occurring in buildings
located close to faults.

Reduction of the soil Earthquake-induced
bearing capacity under m | waves in bodies of water

or near the building. near the building
(tsunami on the ocean
and seismic seiche’ on
lakes).

' A wave on the surface of a lake or landlocked bay caused by atmospheric or seismic
disturbances.

Part A



Building Age and Earthquake Vulnerability

The first earthquake design legislation was enacted in 1933 for schools in
California (the Field Act). Since that time, awareness of earthquake risk has
expanded across the country, and building codes have been improved be-
cause of research and experience. Since the early 1990s, most new office
buildings in the United States have been constructed in accordance with
modern codes and meet societal standards for safety. However, older build-
ings should be reexamined in light of current knowledge. Some seismically
active parts of the country (the Midwest) have only recently adopted appro-
priate seismic design standards, and in other parts of the country (the North-
west) estimates of seismic risk have been revised upward.The serious
problem resides in existing vulnerable office buildings constructed without
seismic requirements or designed to obsolete standards. The building code is
not retroactive; there is no automatic requirement to bring existing buildings
up to current standards. Safety in existing buildings is the responsibility of
the owner/operator. That means you!

Estimating Building Vulnerability

It is possible to estimate roughly the vulnerability of an owner’s portfolio of
buildings and to identify problem buildings with a technique called “rapid
visual screening.” An office building owner can produce generalized esti-
mates of expected damage in the initial seismic risk assessment of its build-
ings.

Engineers have defined levels of the damage that can be expected in particu-
lar types of buildings due to varying intensities of earthquake motion. These
levels of damage range from minor damage, such as cracks in walls, to total
building collapse. In addition to building type, expected damage is also a
function of building age and the state of maintenance. Office buildings suffer-
ing from deferred maintenance will experience greater damage than well-
maintained buildings will. For example, failure to maintain masonry parapets
significantly increases the possibility of life-threatening failure in even a
moderate earthquake.

After initial rapid screening, specific seismic risk assessment for individual
office buildings requires detailed engineering analysis.
Other Earthquake Losses

While a serious concern in its own right, building failure is the direct cause of
even more important earthquake losses:

m Death and injury of tenants, visitors, and staff

m Destruction of contents and equipment belonging to tenants and
owner

m Disruption of occupancy and rentals

The expected extent of these losses can also be estimated based on hazard
and vulnerability assessments.

Incremental Seismic Rehabilitation of Office Buildings



A.3 Wwhat Can Be Done to Reduce Earthquake Risk
in Existing Vulnerable Office Buildings?

Failure to address earthquake risk leaves the office
building owner exposed to potential losses, disruption,
and liability for deaths and injuries.

While purchasing insurance may protect owners from financial losses and
liability, it still leaves them exposed to disruption as well as deaths and inju-
ries. Only building rehabilitation can reduce losses, deaths, and injuries and
control liability and disruption.

The implementation of seismic risk reduction through building rehabilitation
will primarily involve the facility manager. However, to be effective it will
require coordination among the facility managers, risk managers, and finan-
cial managers. This is further discussed in Part B (for Facility Managers, Risk
Managers, and Financial Managers). In addition, it is the responsibility of the
office building owner’s top administrators to make sure that hazards are as-
sessed and risk reduction measures implemented.

Options for Seismic Risk Reduction

The most important consideration for earthquake safety in office buildings is
to reduce the risk of catastrophic structural collapse. Most likely in existing
vulnerable buildings, structural collapse poses the greatest threat to life in a
major earthquake. Choosing the method of protection from structural col-
lapse in a deficient building requires two critical

decisions:

Replace or Rehabilitate: If you decide to iiii = No Cost
replace a building, new construction is High Risk
carried out according to modern codes
and can be assumed to meet current safety Do Nothing
standards. However, financial constraints,
historic preservation concerns, and other Replace

community interests may make the replacement
option infeasible. In that case, rehabilitation should be
considered.

Single-Stage Rehabilitation? or Incremental Rehabilitation: If
the rehabilitation option is chosen, there are still issues of cost and
disruption associated with the rehabilitation work. The cost of single-
stage seismic rehabilitation has proved to be a serious impediment
to its implementation by many office building owners. Incremental
seismic rehabilitation is specifically designed to address and reduce
the problems of cost and disruption.

Estimating the Costs and Benefits of Seismic Rehabilitation of
Existing Office Buildings
The direct and indirect costs of seismic rehabilitation of a building are:

m Engineering and design services

m Construction

m Disruption of building occupancy and rentals during construction

2 Single-stage rehabilitation refers to completing the rehabilitation in a single continuous
project.

High Cost
Low Risk

Rehabilitate

Loss of Use
High Cost

Single Stage

Incremental

Continuous Use
Low Cost

Part A



The benefits of seismic rehabilitation of a building are:
m Reduced risk of death and injury of tenants, visitors, and staff
m Reduced building damage
m Reduced damage of tenants’ or owners’ contents and equipment
m Reduced disruption of the delivery of occupancy and rental services

Engineers have developed estimates of the reduction of earthquake damage
that can be achieved with seismic rehabilitation following the Federal Emer-
gency Management Agency’s (FEMA's) current rehabilitation standards. This
type of estimate, however, may significantly undervalue the benefit of seis-
mic rehabilitation. In considering the return on seismic rehabilitation invest-
ments, it is appropriate to consider the value of damages avoided as well as
the difficult-to-quantify values of deaths, injuries, and disruption of occu-
pancy and rental functions avoided.

The primary obstacles to single-stage rehabilitation of vulnerable existing
office buildings are the cost of rehabilitation construction work and related
disruption of office rentals. Incremental seismic rehabilitation offers opportu-
nities to better manage the costs and reduce disruption of rehabilitation. The
following section introduces and explains incremental seismic rehabilitation
in more detail.

A.4 Incremental Seismic Rehabilitation of Existing
Office Buildings

Approach

Incremental rehabilitation phases seismic rehabilitation into an ordered se-
ries of discrete actions implemented over a period of several years, and
whenever feasible, these actions are timed to coincide with regularly sched-
uled repairs, maintenance, or capital improvements. Such an approach, if
carefully planned, engineered, and implemented, will ultimately achieve the
full damage reduction benefits of a more costly and disruptive single-stage
rehabilitation. In fact, for office buildings, a key distinction between the incre-
mental and single-stage rehabilitation approaches is that the incremental
approach can effectively eliminate or drastically reduce disruption costs if the
incremental approach can be organized so that most rehabilitation incre-
ments occur during the period of tenant turnover, or are carefully coordi-
nated with tenant work. Incremental seismic rehabilitation can be initiated in
the near-term as a component of planned maintenance and capital improve-
ment with only marginal added cost. Getting started as soon as possible on a
program of earthquake safety demonstrates recognition of responsibility for
office building safety and can provide protection from liability.

Assessment of Deficiencies

A necessary activity that must precede a seismic rehabilitation program, be it
single-stage or incremental, is an assessment of the seismic vulnerability of
the owner’s building inventory. Facility managers can implement such an
assessment using owner staff or outside engineering consultants as appro-
priate. The assessment should rank the building inventory in terms of seismic
vulnerability and identify specific deficiencies. FEMA publishes a number of
documents that can guide you through the assessment process. Portions of
the assessment activities can be integrated with other ongoing facility man-
agement activities such as periodic building inspections. Facility assessments
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and the FEMA publications available to help you conduct them are discussed
in more detail in Part B.

Rehabilitation Strategy

The incremental seismic rehabilitation program will correct the deficiencies
identified by the assessment. The order in which seismic rehabilitation incre-
ments are undertaken can be important to their ultimate effectiveness. There
are three aspects to prioritizing seismic rehabilitation increments:

Structural Priority: An initial prioritization of seismic rehabilitation
increments should be established primarily in terms of their
respective impact on the overall earthquake resistance of the
structure. Facility managers will begin with these priorities when
determining the order of seismic rehabilitation increments to be
undertaken. However, the final order of increments may deviate
from this priority order depending on other planning parameters.
Additional engineering analysis may be required for certain building
types when deviating from the structural priority order. This subject
is discussed in more detail in Part B, Section B.2, and Part C.

Use Priority: Office building owners should consider planning
alternative future uses of their existing buildings. Some vulnerable
buildings may be scheduled for demolition or converted to other
uses (for example, storage). Others may be
scheduled for expansion and intensification of
use.These considerations, among others, will
influence the prioritization of seismic
rehabilitation increments.

Integration: A major advantage of the incremental
seismic rehabilitation approach is that specific
work items can be integrated with other building
maintenance or capital improvement projects
undertaken routinely. Such integration will reduce
the cost of the seismic rehabilitation action by
sharing engineering costs, design costs, and
some aspects of construction costs. Integration
opportunities are a key consideration in adapting
the sequence of actions suggested by the
foregoing discussions of rehabilitation priorities.
Integration opportunities are discussed in more
detail in Part C, Section C.2.

Incremental Seismic Rehabilitation Plan

An essential feature of implementing incremental seismic
rehabilitation in specific office buildings is the develop-
ment and documentation of a seismic rehabilitation plan.
The seismic rehabilitation plan will include all the antici-
pated rehabilitation increments and their prioritization as
previously discussed. The documentation will guide the
implementation of the incremental seismic rehabilitation
program and should ensure that the office building owner
does not lose sight of overall rehabilitation goals during
implementation of individual increments.

SCHEMATIC
INTEGRATION
OPPORTUNITIES

Interior Work
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Recommended Actions

1. Communicate the importance of assessing your building inventory’s
risks and pass this manual on to the staff members responsible for
facility management, risk management, and financial planning.
Specify that they develop an analysis of the current seismic risk of
your buildings and a strategy for risk reduction.

2. Promptly initiate a program of earthquake risk reduction in your
buildings located in an earthquake-prone zone that were not
designed and constructed to meet modern building codes.

3. Consider incremental seismic rehabilitation as a cost-effective
means to protect the buildings and, most importantly, the safety of
tenants, visitors, and staff, because it is a technically and financially
manageable strategy that minimizes disruption of office building
operations.
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For Facility Managers,
Risk Managers, &
Financial Managers

Planning and Managing the

Part

Process for Earthquake

Risk Reduction in Existing

Office Buildings

Introduction

Part B of this manual is written specifically for an office
building owner’s facility managers, risk managers, and
financial managers concerned with the seismic safety
of their buildings. The organization’s senior manage-
ment may have requested you, the manager, to make
a recommendation to address seismic safety in office
buildings or may have made the decision to address it,
or there may already be a seismic safety program in
place. Part B describes when and how specific activi-
ties that will accomplish the goal of seismic risk reduc-
tion can be introduced into an ongoing office facility
management process, regardless of how simple or so-
phisticated that process is. Part B also provides the
framework and outline that can be used by the facility
managers, risk managers, and financial managers in
developing and communicating their recommendations
to senior management.

An incremental seismic rehabilitation program is one of several seismic risk

reduction strategies that can be implemented in office buildings. It can be

implemented separately or in combination with other seismic risk reduction
actions. If you determine that such a program is appropriate for your organi-

In Brief

Planning for earth-
quake risk reduc-
tion in office
buildings requires a
coordinated and
integrated effort by
facility managers,
risk managers, and
financial managers.

Eleven specific ac-
tivities can be
added to the cur-
rent facility man-
agement process to
implement an incre-
mental seismic re-
habilitation
program.

Ten additional ac-
tivities can be
added to the facility
management pro-
cess to further re-
duce seismic risk.

There are three
ways to start reduc-
ing seismic risk.

Part B



B-2

zation, the planning and implementation of incremental seismic rehabilita-
tion should be integrated into the facility management processes and inte-
grated with other seismic risk reduction actions that will complement it or
support it.

B.1 Integrating the Efforts of Facility Management,
Risk Management, and Financial Management

Preparing an analysis of an office building owner’s earthquake risk reduction
needs, and planning and managing such a process, benefits from an inte-
grated effort by the organization’s facility managers, risk managers, and
financial managers, or by the administrators charged with those respective
responsibilities. Such an integrated effort may be a departure from current
practices, but collaboration is the key to improving safety cost-effectively
and with a minimum of disruption.

Facility managers currently carry out their planning activities by considering
the parameters of rental markets, area demographics, and the physical con-
dition and projected useful life of the existing office buildings. Often they
consider pressing social issues such as physical security and accessibility.
Some of these issues become federal or local government mandates, such
as asbestos and lead abatement, energy conservation, or accessibility com-
pliance. Sometimes facility managers consider the risks to office buildings
from natural disasters such as earthquakes or windstorms.

Risk managers, relatively recent additions to many office owners’ organiza-
tions, carry out their planning activities by considering three aspects: risk
identification, risk reduction, and risk transfer. The latter generally involves
the purchase of insurance. Currently, office building owner risks are classi-
fied into two broad areas: employee risk, and facility and environmental risk.
Rarely do risk managers consider the risks to office buildings and their occu-
pants from natural disasters. Rather, they tend to assume that risks from
natural disasters are addressed by building codes and similar regulations.

Financial managers currently deal with facilities by controlling and manag-
ing maintenance budgets, capital improvement budgets, and insurance bud-
gets. The facility managers and risk managers present the demands on
these budgets to the financial managers, but rarely are the potential
tradeoffs among these budgets considered. The costs and benefits of vari-
ous options of facility risk management are rarely explicitly addressed.

Addressing the problem of earthquake risk reduction requires establishing
active communication among the three management functions and coordi-
nating activities into an integrated planning and management effort. Facility
and risk managers will have to consider facility risk, and financial managers
will have to consider the costs and benefits of various options for managing
facility risk. Specific recommendations on implementing such an effort are
provided in the following sections.
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B.2 Integrating Incremental Seismic Rehabilitation
into the Facility Management Process

B.2.1 A Model of the Facility Management Process for Existing
Office Buildings

The typical facility management process for existing office buildings con-
sists of seven phases of activities: Acquisition, Redevelopment, Current
Building Use, Planning, Maintenance & Rehabilitation Budgeting, Mainte-
nance & Rehabilitation Funding, and Maintenance & Rehabilitation Imple-
mentation. Each phase consists of a distinct set of activities as follows:

Acquisition: due diligence
Redevelopment: capital improvement

Current Use: facility occupancy, facility operation, facility
maintenance, and facility assessment

Planning: strategic planning and facility planning

Budgeting: capital budgeting, maintenance budgeting, and insurance
budgeting

Funding: financing of capital, maintenance, and insurance budgets
Implementation: capital improvement and maintenance

This process is sequential, progressing from acquisition through implemen-
tation of rehabilitation in any given building. An owner who has a large in-
ventory of buildings is likely to have ongoing activities in all of these phases
in different buildings. The process is illustrated in the following diagram.
Appendix | to this manual, Additional Information on Office Building Facility
Management, contains a discussion of the specific phases and the activities
therein for owners seeking further detail on the facility management pro-
cess.This is a generalized model subject to local variation.

Current Maintenance & Maintenance &
Building Rehabilitation Rehabilitation
AQUISITION REDEVELOPMENT USE PLANNING BUDGETING FUNDING

B.2.2 Elements of an Incremental Seismic Rehabilitation
Program

The following activities are considered essential elements of an incremental
seismic rehabilitation program for office buildings:

Due Diligence Analysis

Initial Integration Opportunities

Seismic Screening

Seismic Evaluation

Developing a Risk Reduction Policy

Seismic Rehabilitation Planning for Specific Buildings
Staging Seismic Rehabilitation Increments
Coordination With Tenant Work

. Budget Packaging

10. Bond Packaging

11. Seismic Rehabilitation Project Management

CEONDOAWN S
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Incremental Seismic
Rehabilitation

Element 1
Due Diligence
Analysis

Incremental Seismic
Rehabilitation

Element 2
Initial Integration
Opportunities

Incremental Seismic
Rehabilitation

Element 3
Seismic Screening

Initial Office
Facility Manager/
Risk Manager
Screening of
Seismic Concerns

B.2.2.1 Due Diligence Analysis

In regions of high and moderate seismicity, due diligence should include a
probabilistic analysis of potential earthquake risks. Such an analysis consid-
ers damage from earthquakes of all levels of intensity, and will provide in-
formation on seismic vulnerabilities in the building. If the building is
acquired, the due diligence analysis will provide information for the initia-
tion of a full seismic assessment. Probabilistic analysis, because of its detail
and scope, will be more expensive than more simplistic Probable Maximum
Loss (PML) analysis.

B.2.2.2 Initial Integration Opportunities

Even if seismic rehabilitation is not among the capital improvements being
undertaken in the redevelopment phase, and even though seismic screening
and evaluation may not have taken place prior to the determination of rede-
velopment phase capital improvements, there may be some seismic reha-
bilitation increments that can be identified with minimal evaluation and
analysis (for example, parapet and gable bracing or anchoring of mechanical
equipment). Depending on the nature of these increments, it may be pos-
sible to integrate them with specific capital improvements being undertaken
in this phase. Part C, Section C.2 should be used to identify such integration
opportunities.

B.2.2.3 Seismic Screening

Following building acquisition and initial redevelopment, seismic screening
of the owner’s office building inventory is the first step of the incremental
seismic rehabilitation process. Seismic screening procedures can be incor-
porated into other facility assessment activities. Begin with a determination
of the status of the archival records. If building plans are available, a docu-
ment review for the determination of building structure types is the first
step in seismic screening. The following chart can be used to obtain an over-
all view of seismic concerns based on the seismic hazard map in Part A.

Level of Seismic Concern by Building Location”

Level of Seismic Concern
by Typical Building Type

Yellow
Wood Frame Low
Steel Frame Low
Concrete Frame Very Low Medium Very High
Unreinforced Masonry Low High Very High

Patterned after recommendations developed by Dr. Charles Scawthorn for the California Seismic Safety
Commission's Earthquake Risk Management: A Toolkit for Decision Makers.

" Locations refer to the seismic hazard map in Part A, Section A.1.

The Federal Emergency Management Agency (FEMA) has developed FEMA
154, Rapid Visual Screening of Buildings for Potential Seismic Hazards: A
Handbook, Second Edition as guidance for seismic screening of an inven-
tory of buildings. It describes a technique for identifying the relatively more
vulnerable buildings in a large inventory so that they can be addressed in
more detail.
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The FEMA 154 publication is nationally applicable and addresses all building
types. In some cases, the screening will suggest specific seismic rehabilita-
tion opportunities that do not require additional engineering and risk analy-
ses.

The incorporation of seismic screening into ongoing facility assessment
activities requires assigning the screening to the appropriate inspectors. If
inspections are periodically carried out in the owner’s office buildings for
other purposes, such as life safety, insurance, occupational health and
safety, or hazardous materials identification, it may be possible to assign the
seismic screening to the same inspectors with some additional training.
Alternatively, the seismic screening can be assigned to a consulting archi-
tect or engineer.

B.2.2.4 Seismic Evaluation

Seismic evaluation is an engineering analysis of individual office buildings.
It usually follows the seismic screening, when the buildings identified as
relatively more vulnerable are subjected to a more detailed analysis. How-
ever, in some cases, such as when the owner’s building inventory is small,
seismic evaluation of individual buildings may be the first step of the incre-
mental seismic rehabilitation process.

Guidance for seismic evaluation of buildings is contained in standard ASCE
31, Seismic Evaluation of Existing Buildings," which is based on FEMA 310,
Handbook for the Seismic Evaluation of Existing Buildings—A Prestandard.
The standard provides engineering guidance on how to evaluate categories
of buildings in order to identify deficiencies and determine effective rehabili-
tation measures.

Seismic evaluation can be done by the owner’s professional staff or by a
consulting engineer.

B.2.2.5 Developing a Risk Reduction Policy

Convince the board of directors to adopt a clear policy statement supporting
seismic risk reduction. Such a policy should, at a minimum, establish seis-
mic performance objectives for the owner’s office buildings. Seismic perfor-
mance objectives define the target performance of a building following an
earthquake of a specified intensity. The policy and objectives should be de-
veloped and documented as part of the seismic rehabilitation planning pro-
cess.

B.2.2.6 Seismic Rehabilitation Planning for Specific Buildings

FEMA has developed engineering guidance to plan seismic rehabilitation for
specific buildings, including FEMA 356, Prestandard and Commentary for
the Seismic Rehabilitation of Buildings,? which includes specific techniques
for analyzing and designing effective seismic rehabilitation. The planning
task entails four specific facility planning subtasks:

T ASCE 31 can be obtained from the American Society of Civil Engineers at
1-800-548-2723.

2 To order this and other FEMA publications, you may write to FEMA, PO Box 2012,
Jessup, MD 20794-2012; or you may call 800-480-2520, Monday — Friday, 8:00 a.m. —
5:00 p.m., eastern time; or you may fax your request to 301-362-5335.
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Target
Building
Performance
Levels and
Ranges

Expected Post-Earthquake
Damage State

Operational (1-A)
Backup utility services maintain
functions; very little damage (S1+NA)

Immediate Occupancy (1-B)
The building remains safe to occupy;
any repairs are minor (S1 + NB)

Life Safety (3-C)

Structure remains stable and has
significant reserve capacity;
hazardous nonstructural damage
is controlled (S3 + NC)

Collapse Prevention (5-E)

The building remains standing, but
only barely; any other damage or
loss is acceptable (S5 + NE)

Adapted from FEMA 356, Figure C1-2

Higher Performance
Less Loss

1. Establish seismic target performance levels: With cooperation

between central management and local facility management,
establish the performance level desired in each of the owner’s
office buildings following an earthquake. Performance levels used
in FEMA 356 are, in declining level of protection:

m Operational

m Immediate Occupancy
m Life Safety

m Collapse Prevention

This is an expansion of the two performance levels—immediate
occupancy and life safety—included in ASCE 31, Seismic Evaluation
of Existing Buildings.

The figures adapted from FEMA 356 on this and the following page
demonstrate the use of these performance levels. Reasonable
objectives and expectations should be considered for moderate,
severe, and rare great earthquakes.

. Prioritize rehabilitation opportunities: Carry out additional

engineering and risk analysis in order to prioritize the seismic
rehabilitation opportunities identified in the seismic evaluation in
terms of risk reduction. ASCE 31 and FEMA 356 include lists of
seismic rehabilitation measures as a function of common building
types. Priorities for these measures are
established in terms of respective contribution
to the overall earthquake resistance of the
structure.

Apply a “worst first” approach. Attend to
heavily used sections of the most vulnerable
buildings housing the greatest number of
occupants, as well as to areas housing critical
functions and equipment. For example, higher
priorities may be given to rehabilitation of
areas of higher human occupancy, such as
auditoriums and restaurants; to areas that
facilitate the evacuation of the building in an
earthquake, such as lobbies, corridors, stairs,
and exits; and to areas where important
information and equipment are housed.

3. Define increments: Break down the specific

seismic rehabilitation opportunities into
discrete incremental rehabilitation measures
that make sense in engineering and
construction terms. When establishing
increments, consider scheduling to minimize

disruption to normal office building
operations. Increments that can be
accomplished during tenant turnover seem to
make the most sense.

Lower Performance 4. Integrate with other rehabilitation work:

More Loss Link each incremental rehabilitation measure

with other related facility maintenance or
capital improvement work. The related work
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Damage Control and Building Performance Levels

Overall Damage

Collapse Pervention
Level (5-E)

Severe

Target Building Performance Levels

Life Safety
Level (3-C)

Moderate

Immediate Occupancy
Level (1-B)

Higher Performance
Less Loss

Operational
Level (1-A)

Very Light

General Little residual stiffness Some residual strength | No permanent drift. No permanent drift.
and strength, but load- and stiffness left in all Structure substantially Structure substantially
bearing columns and stories. Gravity-load- retains original strength | retains original strength
walls function. Large bearing elements and stiffness. Minor and stiffness. Minor
permanent drifts. Some function. No out